The Brønsted acid ionic liquid [PyN(CH 2 ) 4 SO 3 H][p-CH 3 PhSO 3 ] has been reported as an efficient catalyst for the Michael addition reaction of indoles to α,β-unsaturated ketones. Satisfactory results were obtained, with excellent yields and a simple experimental procedure. The catalyst could be recycled and reused up to three times without any noticeable decrease in the catalytic activity.
Introduction
β-indolylketones have received much attention as important building blocks for the synthesis of various natural products and biologically active compounds [1] . Consequently, numerous methods have been developed for their synthesis using various catalysts such as Bi(OTf) 3 [2] , HfCl 4 and ScCl 3 [3] , NO + BF 4 - [4] , CAN [5] , InBr 3 [6] , PTSA [7] , Bi(NO 3 ) 3 [8] , GaCl 3 [9] , PVSA [10] , Cu(OTf) 2 [11] , I 2 [12] , GaI 3 [13] , PDA [14] , FAP [15] , Zr(O t Bu) 4 [16] and so on. However, most of the catalysts cannot be recovered and reused because they decompose under the quenching conditions. Furthermore, many of these reported protocols suffer from drawbacks such as strong acidic conditions, long reaction times and low yields of products. Recently, Gu et al. [17] reported silica-supported sodium sulfonate with ionic liquid as catalyst for Michael reactions of indoles. Although the yield was excellent, the reaction temperature is low and the catalyst can be recovered twice, the reaction time is too long.
OPEN ACCESS
Therefore, to avoid these limitations, the introduction of a more efficient method affording higher yields is needed.
In recent years, ionic liquids (ILs) have attracted increasing interest in the context of Green Chemistry owing to their advantageous properties such as negligible vapor pressure, high chemical stability, etc. ILs have gone far beyond the role of solvent, showing their significant importance as new catalysts in controlling the reactions in which they participate [18, 19] . Recently, the synthesis of ''task-specific'' ILs with special functions according to the requirement of a particular reaction has become an attractive field [20, 21] . To the best of our knowledge, there have been no reports on the use of Brønsted acid ionic liquids as catalysts for Michael additions of indoles. Herein we wish to report for the first time a novel, environment-friendly and efficient methodology for the synthesis of β-indolylketones by the reaction of indoles and α,β-unsaturated ketones using the SO 3 4, [9] [10] [11] [12] [13] [14] . It was clear that the highest yield was produced when the reaction time was 6 h, although the yield did not improve to any greater extent when the reaction time was increased from 4 h to 6 h. For the purpose of saving energy, we therefore chose 4 h as the reaction time. Hence, the best condition employs 0. Table 2 ). The results obtained indicated that the electron donating or withdrawing groups at the indole ring did not seem to affect the reaction significantly in terms of yields, nor do aromatic rings of α,β-unsaturated ketones.
A plausible mechanism for the conjugate addition of indoles to chalcones is proposed in Scheme 2. PhSO 3 ] as an efficient catalyst for the synthesis of β-indolylketones. The procedure reported here has the advantages of mild reaction conditions, high yields of products, operational simplicity and catalyst recyclability.
Experimental

General
All compounds were characterized by IR, (except 3e, 3g, 3i, 3j, 3m) are known compounds, which were characterized by mp, IR, 1 H-NMR spectra, elemental analyses. Methoxylphenyl)-3-(2-methyl-1H-indol-3-yl)-3-(4-methylphenyl) 
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